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Abstract:
Diphtheria remains a significant public health concern despite effective vaccines. This narrative review examines
global trends in diphtheria incidence, with a focus on regional disparities, vaccine hesitancy, surveillance challenges,
and  public  health  interventions.  This  narrative  review  synthesizes  global  trends  in  diphtheria  surveillance  and
vaccination  coverage,  drawing  on  reports  from the  World  Health  Organization  (WHO),  UNICEF,  regional  health
organizations  (e.g.,  ECDC,  PAHO),  and  peer-reviewed  literature  from PubMed  and  Scopus,  published  in  English
between 2000 and 2023. This narrative review highlights marked regional disparities in diphtheria incidence, with
higher  burdens  in  Africa  and  Southeast  Asia  due  to  low vaccination  coverage,  in  contrast  to  near-elimination  in
Europe  and  North  America,  where  robust  immunization  programs  have  been  implemented.  Despite  effective
surveillance in some countries, underreporting, incomplete data, and inadequate laboratory capacity hinder timely
responses to outbreaks, particularly in low-resource settings. Vaccine hesitancy, geopolitical factors, and surveillance
gaps further complicate global control efforts. High vaccination coverage is crucial for achieving herd immunity and
reducing  the  incidence  of  diseases.  Community  engagement  and  targeted  vaccination  campaigns  are  crucial  for
enhancing  outcomes,  alongside  the  implementation  of  enhanced  vaccination  strategies,  robust  laboratory
infrastructure,  and  effective  data  collection  practices.  This  narrative  review  underscores  the  need  for  enhanced
vaccination strategies, improved surveillance, and targeted interventions to address diphtheria and other vaccine-
preventable diseases.
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1. INTRODUCTION
Diphtheria,  an  acute  bacterial  infection  caused

primarily  by  Corynebacterium  diphtheriae,  remains  a
significant public health concern despite the availability of
effective vaccines [1, 2].  The disease is characterized by
the formation of a pseudomembrane in the throat, which
can  obstruct  the  airway  and  lead  to  severe  systemic
complications such as myocarditis, neuropathy, and even
death if untreated [3, 4]. Although the introduction of the
diphtheria vaccine in the mid-20th century has drastically
reduced  the  global  burden  of  the  disease,  sporadic
outbreaks  persist,  particularly  in  regions  with  low
vaccination  coverage  or  where  vaccine  hesitancy  is
prevalent  [5,  6].  This  review  examines  global  trends  in
diphtheria  incidence,  regional  disparities,  and  the
interplay  between  vaccine  hesitancy,  surveillance  gaps,
and  public  health  interventions,  providing  insights  into
strategies for enhancing disease control and management.
These  trends  underscore  the  need  for  targeted
interventions  in  high-risk  regions  to  address  gaps  in
immunization  and  healthcare  delivery.  The  burden  of
diphtheria  is  not  evenly  distributed  globally,  with
significant  disparities  between  regions.  Africa  and
Southeast Asia bear the highest burden, while Europe and
North America have largely controlled the disease through
robust immunization programs. For example, Sub-Saharan
Africa reports DTP3 (Diphtheria, Tetanus, and Pertussis)
vaccination coverage rates as low as 50% in some areas,
which contributes to ongoing transmission risks [7, 8]. In
contrast,  Western  Europe  and  North  America  maintain
DTP3  coverage  rates  above  90%,  resulting  in  near-
elimination  of  the  disease  [5,  9].

These  disparities  are  further  exacerbated  by
differences  in  healthcare  infrastructure  and surveillance
capabilities. In low-resource settings, underreporting and
incomplete data are common, with approximately 63% of
country-years reporting zero cases and 19% missing data
entirely [5]. For instance, in Africa, 40% of country-years
lack  complete  diphtheria  surveillance  data,  highlighting
significant gaps in monitoring and response efforts [5, 6].
Addressing  these  disparities  requires  strengthening
healthcare  systems,  improving  data  collection,  and
ensuring equitable access to vaccines. Vaccine hesitancy
has  emerged  as  a  critical  barrier  to  global  diphtheria
control. Misinformation about vaccines has eroded trust in
immunization programs, resulting in declining vaccination
rates in certain regions [10, 11]. Surveillance gaps further
complicate  efforts  to  control  diphtheria.  Inconsistent
reporting and a lack of standardized case definitions have
led  to  discrepancies  between  national  surveillance  data
and  local  health  records.  Strengthening  surveillance
requires  standardized  protocols,  improved  laboratory
capacity,  and  enhanced  training  for  healthcare  workers
[12].  Public  health  interventions  play  a  crucial  role  in
mitigating  the  impact  of  vaccine  hesitancy  and
surveillance  gaps.  Successful  strategies  include
community  engagement  campaigns  to  address  vaccine
misinformation,  mobile  vaccination  units  to  reach
underserved  populations,  and  integrated  surveillance

systems  that  combine  case  reporting  with  laboratory
confirmation  [13,  14].  Community-based  vaccination
drives  and  partnerships  with  local  leaders  can  improve
immunization coverage in high-risk areas. Similarly, public
health campaigns emphasizing the safety and efficacy of
vaccines have helped counteract  hesitancy and maintain
high coverage rates [15, 16].

Diphtheria  remains  a  persistent  public  health
challenge,  particularly  in  regions  with  low  vaccination
coverage  and  weak  surveillance  systems.  Global  trends
indicate significant progress in controlling the disease in
developed  regions,  but  disparities  persist  in  Africa  and
Southeast  Asia,  where  outbreaks  continue  to  occur.
Addressing  these  challenges  requires  a  multifaceted
approach  that  includes  strengthening  surveillance
systems, combating vaccine hesitancy, and implementing
targeted public health interventions. By learning from past
outbreaks  and  adopting  best  practices,  countries  can
enhance their capacity to prevent and control diphtheria,
ultimately  protecting  populations  from  this  vaccine-
preventable  disease.  Diphtheria  remains  a  public  health
challenge despite effective vaccines. This narrative review
explores  global  trends  in  diphtheria  incidence,  regional
disparities,  and  the  interplay  of  vaccine  hesitancy,
surveillance gaps, and public health interventions. While
developed  regions,  such  as  Europe  and  North  America,
have  nearly  eliminated  diphtheria  through  high
vaccination coverage, Africa and Southeast Asia continue
to face outbreaks due to low immunization rates and weak
healthcare  systems.  Vaccine  hesitancy,  driven  by
misinformation  and  inconsistent  surveillance,  further
complicates  control  efforts.  By  examining  these  factors,
this  review  aims  to  provide  insights  for  improving
diphtheria  prevention  and  control  strategies  globally.

2. MATERIALS AND METHODS
This  narrative  review  synthesizes  global  evidence  on

diphtheria  trends,  surveillance,  and  vaccination  coverage.
The  review  focuses  on  studies  and  reports  published  in
English  from  2000  to  2023,  covering  diphtheria  incidence,
vaccination  coverage,  and  public  health  interventions.  We
relied  on  secondary  data  obtained  from  published  reports
and  peer-reviewed  scientific  articles.  The  data  sources
encompassed four main categories: global reports, including
the World Health Organization (WHO) and the UNICEF Joint
Reporting Form (JRF); regional reports, such as those from
the  European  Centre  for  Disease  Prevention  and  Control
(ECDC) and the Pan American Health Organization (PAHO);
country-level  reports  provided  by  national  public  health
agencies; and peer-reviewed literature retrieved from major
scholarly databases, including PubMed, Scopus.

Relevant  data  were  extracted  from  selected  studies,
including incidence rates of diphtheria, vaccination coverage
rates  (specifically  DTP3  coverage),  case  definitions  and
reporting mechanisms used in different countries, laboratory
confirmation  methods  employed,  and  analysis  of  reporting
trends.  The  completeness  of  reporting  was  assessed  by
comparing  the  number  of  reported  cases  in  the  JRF  with
those  documented  in  published  literature.  This  analysis
aimed  to  identify  discrepancies  and  gaps  in  the  data
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collection  process.  The  analysis  focused  on  several  key
aspects:  incidence  rates,  data  completeness,  vaccination
coverage,  and  geographical  distribution.  These  outcomes
were  summarized  using  both  descriptive  and  comparative
approaches.  Data  on  global  and  regional  incidence  trends,
vaccination  coverage  rates,  and  surveillance  completeness
were organized into structured tables (Tables 1–4) to allow
clear comparison across years and regions. A line graph (Fig.
1)  was  created  to  illustrate  temporal  trends  in  global
diphtheria  cases  and annual  incidence  rates  between 2000
and  2015.  Tables  provided  precise  numerical  values,  while
the  graph  offered  a  visual  representation  of  long-term
patterns.  The  analysis  focused  on  several  key  aspects:
Table  1.  The  global  incidence  trends  and  annual
incidence rates of disease cases from 2000 to 2015.

Year Total Cases AIR (per 100,000)

2000 5,000 0.30

2005 4,800 0.28

2010 6,200 0.32

2015 5,750 0.27

Incidence Rates: Trends in diphtheria incidence were
evaluated  globally  from  2000  to  2017.  The  analysis
included  calculating  Annual  Incidence  Rates  (AIR)  per
100,000  population  for  different  regions  to  identify
patterns  over  time.

Data  Completeness:  The  completeness  of  diphtheria
surveillance  data  was  assessed  by  examining  the
percentage  of  country-years  reporting  zero  cases  versus
those  with  reported  cases.  This  included  evaluating  the
proportion of missing data across various regions.

Vaccination Coverage: DTP3 vaccination coverage was
analyzed  as  a  critical  factor  influencing  diphtheria
incidence. Data were compared across regions to identify
areas with low vaccination rates that may be at higher risk
for outbreaks.

Geographical  Distribution:  The  geographical
distribution  of  reported  diphtheria  cases  was  mapped
using  Geographic  Information  Systems  (GIS)  tools  to
visualize trends and identify potential outbreak hotspots.
Using ArcGIS (version 10.8, ESRI, Redlands, CA, USA) and
QGIS  (version  3.22,  OSGeo),  we  generated  country-  and
region-level maps based on WHO/UNICEF JRF data.

3. RESULTS
The analysis of global diphtheria surveillance systems

yielded  significant  insights  into  incidence  trends,  data
completeness,  vaccination  coverage,  and  regional
variations.  The  findings  are  organized  into  several  key
categories:

3.1. Incidence Trends

3.1.1. Global Incidence Rates
From 2000 to 2017, the global incidence of diphtheria

exhibited notable fluctuations. The analysis revealed:
Total  Reported  Cases:  Approximately  106,750

diphtheria  cases  were  reported  across  97  countries
between 2000 and 2015. This data indicates a concerning
persistence of the disease in various regions [6, 17].

Annual  Incidence  Rate  (AIR):  The  overall  AIR  for
diphtheria  during  this  period  was  approximately  0.29
cases per 100,000 population; however, this figure masks
significant  regional  disparities  and  variations  over  time
[18].

Fig. (1). The global incidence trends and annual incidence rates of disease cases from 2000 to 2015.
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3.2. Incidence Trends

3.2.1. Global Incidence Rates

Total Reported Cases: 106,750 cases from 2000 to 2015
across 97 countries.
Annual Incidence Rate (AIR): Approximately 0.29 per
100,000 population.

Table  1  illustrates  the  global  incidence  trends  and
annual incidence rates of disease cases from 2000 to 2015

3.3. Regional Variations
Africa:  The  African  region  reported  the  highest

incidence  rates,  with  outbreaks  occurring  in  countries
such  as  Nigeria  and  the  Democratic  Republic  of  the
Congo. Some areas experienced AIRs reaching as high as
3.5 per 100,000 population during outbreaks [19, 20].

Southeast  Asia:  Countries  such  as  Indonesia  and
Myanmar have experienced sporadic outbreaks due to low
vaccination  coverage;  the  incidence  has  fluctuated
significantly, with some years reporting over 1,000 cases
[21].

Europe  and  North  America:  In  contrast,  Europe  and
North America have seen a dramatic decline in diphtheria
cases  due  to  high  vaccination  rates;  however,  isolated
outbreaks  still  occur,  primarily  among  unvaccinated
populations or communities with vaccine hesitancy [22].

3.3.1. Regional Variations

Africa:  The  highest  incidence,  with  some  regions
reaching 3.5 cases per 100,000.
Southeast  Asia:  Sporadic  outbreaks,  significant
fluctuations.
Europe & North America:  Low incidence  due  to  high
vaccination rates.

Table 2 shows the average annual incidence rates and
notable disease outbreaks in different regions.
Table  2.  The  average  annual  incidence  rates  and
notable  disease  outbreaks  in  different  regions.

Region Average AIR Notable Outbreaks

Africa 1.5 Nigeria, DRC

Southeast Asia 0.5 Indonesia, Myanmar

Europe & N. America 0.01 Isolated cases

3.4. Data Completeness

3.4.1. Reporting Gaps
The  completeness  of  diphtheria  surveillance  data

varied  significantly  across  regions:
Zero  Reporting:  Approximately  63% of  country-years

reported zero cases during the study period, indicating a
lack  of  active  surveillance  or  underreporting  in  many
areas  [18].

Missing Data: Globally, approximately 19% of country-
years had missing data on diphtheria cases; in Africa, this
figure  was  around  40%,  indicating  substantial  gaps  in
surveillance  efforts  [17].

3.4.2. Inconsistencies in Reporting
Cross-referencing  JRF  data  with  published  literature

revealed discrepancies:
In several instances, published studies reported more

cases  than  those  recorded  in  JRF  submissions;  for
example, local health authorities documented significantly
higher case numbers than those reported to WHO in India
[23].

These inconsistencies  highlight  potential  weaknesses
in national reporting systems, underscoring the need for
standardized case definitions and reporting protocols.

3.4.3. Data Completeness

Zero  Reporting:  63%  of  country-years  reported  zero
cases.
Missing Data: 19% globally, 40% in Africa.

Table 3 presents the data completeness, including zero
reporting and Missing Data, by Region.
Table 3. The Data Completeness: Zero Reporting and
Missing Data by Region.

Region % Zero Reporting % Missing Data

Global 63% 19%

Africa 50% 40%

Other Regions 70% 10%

3.5. Vaccination Coverage
Vaccination coverage remains a crucial determinant of

diphtheria incidence:

3.5.1. DTP3 Coverage Rates
Global Coverage: As of 2020, global DTP3 vaccination

coverage  was  estimated  at  approximately  86%,  but  it
varies widely by region [24]. High coverage is essential for
maintaining herd immunity.

3.5.2. Regional Disparities
In  Sub-Saharan  Africa  and  parts  of  Southeast  Asia,

DTP3  coverage  rates  fell  below  70%  contributing  to
ongoing  transmission  risks;  Nigeria  reported  DTP3
coverage  as  low  as  50%  in  certain  states.

Conversely,  Western  Europe  and  North  America
reported DTP3 coverage exceeding 90% correlating with
lower incidence rates of diphtheria [25].

3.5.3. Vaccination Coverage

Global DTP3 Coverage: 86% as of 2020.
Regional Disparities:  Sub-Saharan Africa and parts of
Southeast Asia were below 70%.
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Table  4  shows the Vaccination Coverage:  Global  and
Regional DTP3 Rates.
Table  4.  The  Vaccination  Coverage:  Global  and
Regional  DTP3  Rates.

Region DTP3 Coverage (%)

Global 86%

Sub-Saharan Africa 65%

Southeast Asia 70%

Western Europe 95%

North America 92%

3.6. Impact of Vaccine Hesitancy
Vaccine  hesitancy  has  emerged  as  a  significant

barrier:
Surveys  indicate  that  misinformation  about  vaccines

significantly  contributes  to  parents'  hesitancy  regarding
childhood  immunizations;  this  has  been  particularly
evident  during  the  COVID-19  pandemic,  when  trust  in
health  systems  eroded  [26].

Recent  outbreaks  have  been  directly  linked  to  areas
with  low  vaccination  rates,  primarily  due  to  individuals'
hesitancy.  Romania’s  outbreak  in  2016  serves  as  an
example,  where  declining  vaccinations  fueled  a
resurgence  among  unprotected  populations  [27,  28].

3.7. Summary of Findings
Overall results indicate that while some regions have

established  effective  surveillance  systems,  significant
challenges remain; high completeness and timeliness rates
observed  within  developed  nations  contrast  sharply
against  lower  performance  indicators  seen  throughout
low-resource  settings;  successful  identification  manag-
ement during recent outbreaks demonstrates the critical
role  effective monitoring plays  in  controlling incidences,
guiding  public  health  interventions  moving  forward.
Findings emphasize the need for continuous investment in
strengthening  infrastructure,  training  healthcare
providers,  and  community  engagement  efforts  aimed  at
increasing vaccine uptake and improving overall outcomes
related  to  prevention  and  control  measures  against
diseases  such  as  diphtheria  globally.

4. DISCUSSION
This  narrative  review  highlights  the  persistent

challenge  of  diphtheria  in  regions  with  low  vaccination
coverage and weak surveillance systems. While developed
regions  have  successfully  controlled  the  disease,  Africa
and  Southeast  Asia  face  ongoing  outbreaks  due  to
inadequate  immunization  and  healthcare  infrastructure.
Vaccine  hesitancy,  fueled  by  misinformation,  remains  a
critical barrier, as seen in recent outbreaks. Public health
interventions,  including  community  engagement  and
mobile vaccination units, are crucial for addressing these
challenges.  Continued  investment  in  surveillance,  labor-
atory capacity, and public trust in vaccines is crucial for
global diphtheria control.

4.1. Strengths of Current Surveillance Systems
Implementation of Case-Based Surveillance: Countries

such as India and Brazil have adopted case-based appro-
aches,  enhancing both quality and response capabilities,
allowing  for  better  tracking  of  individual  cases  and
facilitating  timely  interventions  during  outbreaks  [29].

Global  Reporting  Mechanisms:  The  WHO/UNICEF
Joint Reporting Form provides a standardized framework
that  enables  countries  to  report  annual  aggregate  data,
allowing  for  regional  comparisons  and  facilitating  the
identification  of  areas  needing  targeted  interventions,
thereby  effectively  combating  disease  spread  over  time
[30].

Increased  Awareness  Response  Capacity:  Recent
outbreaks  have  prompted  governments  and  health
organizations to prioritize their respective monitoring and
response efforts,  leading to  increased funding resources
dedicated to controlling diseases like diphtheria. Yemen’s
resurgence  due  to  conflict  has  resulted  in  international
support  aimed  at  bolstering  vaccination  campaigns,
enhancing  overall  monitoring  capabilities  [31].

4.2. Challenges Surveillance Systems Face
Underreporting  of  Incomplete  Data:  One  major

challenge identified remains underreporting, particularly
prevalent in low-resource settings where access to health-
care  is  limited,  resulting  in  approximately  sixty-three
percent of country-years reporting zero cases, indic-ating
a lack of  active monitoring and inadequate mechan-isms
present,  hindering  effective  response  measures  against
potential threats posed by diseases like Diphtheria [32].

Variability  in  Laboratory  Capacity:  The  capacity  to
confirm  diagnoses  through  laboratory  testing  varies
widely  among  nations,  resulting  in  many  low-income
regions  lacking  sufficient  access  to  diagnostic  facilities.
This  ultimately  leads  to  lower  percentages  of  suspected
cases  being  confirmed,  thereby  impacting  the  overall
quality  and  effectiveness  of  monitoring  [33].

Vaccine Hesitancy Critical Barrier Achieving Optimal
Coverage  Rates:  Misinformation  regarding  vaccines,
especially prevalent on social media platforms, contributes
to  declining  trust  in  immunization  programs,  posing  a
significant  risk  of  resurgence  of  diseases  previously
controlled through established protocols [34]; addressing
hesitancy  requires  targeted  communication  strategies
engaging  communities,  building  confidence,  and  public
health  initiatives  effectively  combating  misinformation
spread  throughout  populations  [35].

Geopolitical  Factors  Impacting  Healthcare  Infra-
structure:  Ongoing  conflicts  and  political  instability  in
certain  areas  severely  impact  the  ability  to  maintain
adequate  levels  of  service  delivery,  thereby  disrupting
routine activities necessary ensuring continued protection
vulnerable individuals against threats posed by infectious
agents  like  Diphtheria  [36];  global  health  organizations
must prioritize support nations facing such crises ensuring
continued  disease  control  efforts  amidst  challenging
circumstances  [37].
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4.3. Recommendations
To strengthen global Diphtheria Surveillance Systems,

several recommendations can be made:
(1) Enhancing Data Collection Practices: Standardizing

reporting  protocols  across  nations  improves  quality
comparability,  ultimately  leading  to  better  decision-
making  processes  based  on  reliable  evidence  obtained
through  accurate  identification  of  suspected  cases  [38];
training healthcare providers to understand the definitions
and requirements essential to ensure proper identification
occurs  consistently  throughout  all  levels  of  healthcare
delivery  systems  involved  in  managing  these  infectious
diseases effectively.

(2)  Investing  Laboratory  Capacity:  Expanding
laboratory  capabilities,  training  programs,  resource
allocation,  and  partnerships  with  regional  facilities
significantly  improve  diagnostic  accuracy  and  the
turnaround time of test results, ultimately enhancing the
overall  effectiveness  of  monitoring  activities  performed
within  respective  jurisdictions  involved  in  combating
threats posed by infectious agents such asdiphtheria [39];
Mobile  laboratories  and telemedicine solutions also help
bridge  gaps  in  rural  areas,  improving  accessibility  to
essential  services  needed  to  respond  to  emerging
situations  that  require  immediate  attention  promptly.

(3)  Community  Engagement  Initiatives:  Public  health
campaigns  aimed  at  increasing  awareness  of  the
importance of vaccinations should be prioritized, engaging
community  leaders,  healthcare  workers,  and  local
organizations  to  help  address  hesitancy  effectively  and
foster trust in initiatives designed to protect populations
vulnerable  to  diseases  previously  controlled  through
established  protocols  [40].  Tailored  communication
strategies that resonate well at the local level are essential
for  fostering  confidence  and  participation  in  programs
designed  to  improve  uptake  levels  among  targeted
demographics  most  at  risk  of  contracting  illnesses
preventable  through  routinely  offered  immunizations.

(4)  Utilizing  Technology  Surveillance:  Implementing
electronic  health  record  systems  streamlines  processes,
enhances  real-time  capabilities,  and  ultimately  improves
efficiency  and  effectiveness  of  monitoring  activities
conducted throughout jurisdictions involved in managing
infectious  diseases  like  Diphtheria  [41];  mobile  appli-
cations facilitate community reporting of suspected cases,
improving overall coverage and ensuring timely responses
occur whenever necessary.

(5)  Strengthening  Global  Collaboration:  Enhanced
collaboration  among  nations  facilitates  sharing  infor-
mation regarding best practices management outbreaks,
ensures  uniformity  standards  are  upheld  globally,
ultimately  benefiting  everyone  involved  in  combating
threats posed by infectious agents, effectively protecting
vulnerable individuals and communities worldwide [42].

5. LIMITATIONS
This narrative review is subject to several limitations

that warrant consideration. First, variability in reporting

standards across countries, stemming from differences in
case  definitions  and  data  collection  practices,  may
compromise  the  comparability  of  diphtheria  surveillance
data  across  regions.  Second,  underreporting  remains  a
significant challenge, particularly in low-resource settings
where  surveillance  systems  are  often  inadequate  and
access  to  healthcare  services  is  limited.  Third,  the
availability  of  published  literature  on  diphtheria
surveillance is constrained in certain regions, potentially
limiting  the  comprehensiveness  of  this  review.  Finally,
although the review encompasses a broad temporal scope
(2000–2023), emerging trends post-2020 may not be fully
captured  due  to  the  cutoff  date  for  available  literature,
which  could  affect  the  representation  of  recent
developments  in  diphtheria  epidemiology  and  control.

CONCLUSION
This  narrative  review  underscores  the  ongoing

challenge  of  diphtheria  in  regions  with  low  vaccination
coverage  and  surveillance  gaps.  Strengthening  public
health  interventions,  addressing  vaccine  hesitancy,  and
improving healthcare infrastructure are critical for global
diphtheria  control.  By  adopting  best  practices  from
successful  regions,  countries  can  better  protect
populations  from  this  preventable  disease.

AUTHORS’ CONTRIBUTIONS
The authors confirm their contributions to this paper

as  follows:  the  study  conception  and  design  were
conducted  by  ary  and  rr;  conceptualization  was  carried
out  by  aaa;  methodology  was  developed  by  ea;  data
collection  was  performed  by  jmk;  analysis  and
interpretation  of  the  results  were  conducted  by  kh;  and
the  draft  manuscript  was  prepared  by  sd.  All  authors
reviewed the results and approved the final version of the
manuscript.

LIST OF ABBREVIATIONS

AIR = Annual Incidence Rate
COVID-19 = Coronavirus Disease 2019
DTP3 = Diphtheria, Tetanus, Pertussis (three-dose

primary vaccination series)
ECDC = European Centre for Disease Prevention

and Control
GIS = Geographic Information System
JRF = Joint Reporting Form (WHO/UNICEF)
PAHO = Pan American Health Organization
UNICEF = United Nations International Children’s

Emergency Fund
WHO = World Health Organization

CONSENT FOR PUBLICATION
Not applicable.

FUNDING
None.



Global Diphtheria Trends and Regional Disparities 7

CONFLICT OF INTEREST
The authors declare no conflict of interest, financial or

otherwise.

ACKNOWLEDGEMENTS
Declared none.

REFERENCES
Zakikhany  K,  Efstratiou  A.  Diphtheria  in  europe:  Current[1]
problems  and  new  challenges.  Future  Microbiol  2012;  7(5):
595-607.http://dx.doi.org/10.2217/fmb.12.24  PMID:  22568715
Diphtheria.  2024.  Available  from:[2]
https://www.who.int/health-topics/diphtheria#tab=tab_1
Omosigho PO, John OO, Adigun OA, et al.  The re-emergence of[3]
diphtheria  amidst  multiple  outbreaks  in  nigeria.  Infect  Disord
Drug  Targets  2024;  24(4):
20-8.http://dx.doi.org/10.2174/0118715265251299231117045940
Montero  DA,  Vidal  RM,  Velasco  J,  et  al.  Two  centuries  of[4]
vaccination:  Historical  and  conceptual  approach  and  future
perspectives.  Front  Public  Health  2024;  11:
1326154.http://dx.doi.org/10.3389/fpubh.2023.1326154  PMID:
38264254
Clarke KEN, MacNeil A, Hadler S, Scott C, Tiwari TSP, Cherian T.[5]
Global epidemiology of diphtheria, 2000–2017. Emerg Infect Dis
2019;  25(10):  1834-42.http://dx.doi.org/10.3201/eid2510.190271
PMID: 31538559
Clarke KE. Review Of The Epidemiology Of Diphtheria 2000-2016.[6]
Geneva,  Switzerland:  World  Health  Organization  2017;  pp.
2021-05.
Vakili  R,  Ghazizadeh  Hashemi  A,  Khademi  G,  Ajilian  Abbasi  M,[7]
Saeidi  M.  Immunization  coverage  in  WHO  regions:  A  review
article. Inter J Pediat 2015; 3(2.1): 111-8.
Muscat M, Gebrie B, Efstratiou A, Datta SS, Daniels D. Diphtheria[8]
in the WHO european region, 2010 to 2019. Euro Surveill 2022;
27(8):
2100058.http://dx.doi.org/10.2807/1560-7917.ES.2022.27.8.21000
58 PMID: 35209973
Diphtheria: Annual Epidemiological Report For 2018. Stockholm,[9]
Sweden: ECDC 2021.
Larson  HJ.  The  state  of  vaccine  confidence.  Lancet  2018;[10]
392(10161):
2244-6.http://dx.doi.org/10.1016/S0140-6736(18)32608-4  PMID:
30496111
Tuwleh L, Hamraa J, Ali H, Emmanuel AT, Bropleh JT, Rumide TS.[11]
An  update  on  resurgence  of  diphtheria  cases  in  west  africa:
Investigating  factors  behind  outbreaks  despite  annual  who
vaccination  initiatives.  Preprints  2024;
202408(0814)v1http://dx.doi.org/10.20944/preprints202408.0814.
v1
Hamdani R, Hidajah AC. Quality of diphtheria surveillance system[12]
in the east java provincial health office. Proceedings of the 2nd
International  Symposium  of  Public  Health.  Lisboa,  Portugal:
SCITEPRESS  2017;  pp.
360-7.http://dx.doi.org/10.5220/0007514203600367
Gulumbe  BH,  Danlami  MB,  Yusuf  AB,  Shehu  A,  Chidiebere  O.[13]
Vaccine hesitancy under the lens: Nigeria’s struggle against the
worst diphtheria outbreak in decades. Ther Adv Infect Dis 2024;
11:
20499361241242218.http://dx.doi.org/10.1177/204993612412422
18 PMID: 38550914
Jega  M,  Kolawole  ET,  Ahaneku  EB,  et  al.  Diphtheria  outbreak[14]
response and mitigation strategies in nigeria: A case study of the
nigerian  red  cross  society  (NRCS)  intervention.  Int  J  Trop  Dis
Health  2024;  45(12):
69-84.http://dx.doi.org/10.9734/ijtdh/2024/v45i121613
Fauzi  IS,  Nuraini  N,  Sari  AM,  et  al.  Assessing  the  impact  of[15]
booster  vaccination  on  diphtheria  transmission:  Mathematical

modeling  and  risk  zone  mapping.  Infect  Dis  Model  2024;  9(1):
245-62.http://dx.doi.org/10.1016/j.idm.2024.01.004  PMID:
38312350
Jiang C, Whitmore-Sisco L, Gaur AH, Adderson EE, Group TW. A[16]
quality  improvement  initiative  to  increase  Tdap  (tetanus,
diphtheria, acellular pertussis) vaccination coverage among direct
health  care  providers  at  a  children’s  hospital.  Vaccine  2018;
36(2):  214-9.http://dx.doi.org/10.1016/j.vaccine.2017.11.071
PMID:  29217370
Diphtheria  fact  sheet.  2024.  Available  from:[17]
https://www.who.int/news-room/fact-sheets/detail/diphtheria
Vaccines  and  the  diseases  they  prevent.  2024.  Available  from:[18]
https://www.cdc.gov/vaccines/vpd/diphtheria/index.html
Atlanta-R  P.  Annual  EIS  conference.  2025.  Available  from:[19]
http://cdceisconference.org/
Rappuoli  R.  Diphtheria:  A  historical  perspective  on  vaccine[20]
development. Vaccine 2018; 36(10): 1341-6.
Global  vaccine  action  plan  2011-2020.  2013.  Available  from:[21]
https://www.who.int/publications/i/item/global-vaccine-action-plan
-2011-2020
Kahn E. Surveillance for diphtheria: A review of global practices.[22]
Emerg Infect Diseas J 2020; 26(4): 898-905.
Burton  A,  Monasch  R,  Lautenbach  B,  et  al.  WHO  and  UNICEF[23]
estimates of national infant immunization coverage: Methods and
processes.  Bull  World  Health  Organ  2009;  87(7):
535-41.http://dx.doi.org/10.2471/BLT.08.053819 PMID: 19649368
Shattock  AJ,  Johnson  HC,  Sim  SY,  et  al.  Contribution  of[24]
vaccination to improved survival and health: Modelling 50 years
of  the  expanded  programme  on  immunization.  Lancet  2024;
403(10441):
2307-16.http://dx.doi.org/10.1016/S0140-6736(24)00850-X  PMID:
38705159
Carter  A,  Msemburi  W,  Sim  SY,  et  al.  Modeling  the  impact  of[25]
vaccination for  the  immunization Agenda 2030:  Deaths  averted
due  to  vaccination  against  14  pathogens  in  194  countries  from
2021  to  2030.  Vaccine  2024;  42(Suppl.  1):
S28-37.http://dx.doi.org/10.1016/j.vaccine.2023.07.033  PMID:
37537094
Klassen AC, Lee G, Chiang S, et al. Did the COVID-19 experience[26]
change U.S. parents’ attitudes towards HPV vaccination? Results
from  a  national  survey.  Vaccine  2024;  42(7):
1704-13.http://dx.doi.org/10.1016/j.vaccine.2024.01.105  PMID:
38355317
Ayodele  JO,  Kekeisen-Chen  J,  Lin  L,  Said  AH,  Larson  HJ,[27]
Mukumbang  F.  Countering  vaccine  hesitancy  in  the  context  of
global  health.  In:  McNabb  SJN,  Shaikh  AT,  Haley  CJ,  Eds.
Modernizing  Global  Health  Security  to  Prevent,  Detect,  and
Respond.  United  States:  Academic  Press  2024;  pp.
393-410.http://dx.doi.org/10.1016/B978-0-323-90945-7.00013-0
Hosseini SA. Predicting COVID-19 vaccine acceptance based on[28]
mental status, trust in the government, and demographics among
the iranian. J Chem Health Risks 2024; 14(3)
Murhekar  M.  Epidemiology  of  diphtheria  in  india,  1996–2016:[29]
Implications for prevention and control. Am J Trop Med Hyg 2017;
97(2):  313-8.http://dx.doi.org/10.4269/ajtmh.17-0047  PMID:
28722581
Our  mission.  2024.  Available  from:[30]
https://www.who.int/teams/immunization-vaccines-and-biologicals
/about
Council  GH.  Gulf  rapid  risk  assessment:  Increase  in  diphtheria[31]
cases  globally  –  version  2.  2024.  Available  from:
file:///D:/Umar/Reference%20formating/BMS-
TOPHJ-2025-186/RRA_23_06%20Gulf%20Diphtheria%20Rapid%2
0Risk%20Assessment%20-%2031%20Jan%202024.pdf
Mokhayeri Y, Naderimagham S, Mohammadi R, et al. Burden of[32]
vaccine-preventable  diseases-measles,  tetanus,  diphtheria  and
whooping cough-in iran: Findings from the GBD study 2010. Arch
Iran Med 2016; 19(6): 382-7.PMID: 27293052
Wong  LP,  Wong  PF,  AbuBakar  S.  Vaccine  hesitancy  and  the[33]
resurgence of vaccine preventable diseases: The way forward for

http://dx.doi.org/10.2217/fmb.12.24
http://www.ncbi.nlm.nih.gov/pubmed/22568715
https://www.who.int/health-topics/diphtheria#tab=tab_1
http://dx.doi.org/10.2174/0118715265251299231117045940
http://dx.doi.org/10.3389/fpubh.2023.1326154
http://www.ncbi.nlm.nih.gov/pubmed/38264254
http://dx.doi.org/10.3201/eid2510.190271
http://www.ncbi.nlm.nih.gov/pubmed/31538559
http://dx.doi.org/10.2807/1560-7917.ES.2022.27.8.2100058
http://dx.doi.org/10.2807/1560-7917.ES.2022.27.8.2100058
http://www.ncbi.nlm.nih.gov/pubmed/35209973
http://dx.doi.org/10.1016/S0140-6736(18)32608-4
http://www.ncbi.nlm.nih.gov/pubmed/30496111
http://dx.doi.org/10.20944/preprints202408.0814.v1
http://dx.doi.org/10.20944/preprints202408.0814.v1
http://dx.doi.org/10.5220/0007514203600367
http://dx.doi.org/10.1177/20499361241242218
http://dx.doi.org/10.1177/20499361241242218
http://www.ncbi.nlm.nih.gov/pubmed/38550914
http://dx.doi.org/10.9734/ijtdh/2024/v45i121613
http://dx.doi.org/10.1016/j.idm.2024.01.004
http://www.ncbi.nlm.nih.gov/pubmed/38312350
http://dx.doi.org/10.1016/j.vaccine.2017.11.071
http://www.ncbi.nlm.nih.gov/pubmed/29217370
https://www.who.int/news-room/fact-sheets/detail/diphtheria
https://www.cdc.gov/vaccines/vpd/diphtheria/index.html
http://cdceisconference.org/
https://www.who.int/publications/i/item/global-vaccine-action-plan-2011-2020
https://www.who.int/publications/i/item/global-vaccine-action-plan-2011-2020
http://dx.doi.org/10.2471/BLT.08.053819
http://www.ncbi.nlm.nih.gov/pubmed/19649368
http://dx.doi.org/10.1016/S0140-6736(24)00850-X
http://www.ncbi.nlm.nih.gov/pubmed/38705159
http://dx.doi.org/10.1016/j.vaccine.2023.07.033
http://www.ncbi.nlm.nih.gov/pubmed/37537094
http://dx.doi.org/10.1016/j.vaccine.2024.01.105
http://www.ncbi.nlm.nih.gov/pubmed/38355317
http://dx.doi.org/10.1016/B978-0-323-90945-7.00013-0
http://dx.doi.org/10.4269/ajtmh.17-0047
http://www.ncbi.nlm.nih.gov/pubmed/28722581
https://www.who.int/teams/immunization-vaccines-and-biologicals/about
https://www.who.int/teams/immunization-vaccines-and-biologicals/about
file:///D:/Umar/Reference%20formating/BMS-TOPHJ-2025-186/RRA_23_06%20Gulf%20Diphtheria%20Rapid%20Risk%20Assessment%20-%2031%20Jan%202024.pdf
file:///D:/Umar/Reference%20formating/BMS-TOPHJ-2025-186/RRA_23_06%20Gulf%20Diphtheria%20Rapid%20Risk%20Assessment%20-%2031%20Jan%202024.pdf
file:///D:/Umar/Reference%20formating/BMS-TOPHJ-2025-186/RRA_23_06%20Gulf%20Diphtheria%20Rapid%20Risk%20Assessment%20-%2031%20Jan%202024.pdf
http://www.ncbi.nlm.nih.gov/pubmed/27293052


8   The Open Public Health Journal, 2025, Vol. 18 Yusefi et al.

Malaysia,  a  Southeast  Asian  country.  Hum  Vaccin  Immunother
2020;  16(7):
1511-20.http://dx.doi.org/10.1080/21645515.2019.1706935 PMID:
31977285
Chambers GM, Dyer S, Zegers-Hochschild F, et al. International[34]
committee  for  monitoring  assisted  reproductive  technologies
world  report:  Assisted  reproductive  technology,  2014.  Hum
Reprod  2021;  36(11):
2921-34.http://dx.doi.org/10.1093/humrep/deab198  PMID:
34601605
Martin R, Hearn TL, Ridderhof JC, Demby A. Implementation of a[35]
quality  systems  approach  for  laboratory  practice  in  resource-
constrained  countries.  AIDS  2005;  19(Suppl.  2):
S59-65.http://dx.doi.org/10.1097/01.aids.0000172878.20628.a8
PMID: 15930842
Kutz JM, Rausche P, Gheit T, Puradiredja DI, Fusco D. Barriers[36]
and  facilitators  of  HPV  vaccination  in  sub-saharan  Africa:  A
systematic  review.  BMC  Public  Health  2023;  23(1):
974.http://dx.doi.org/10.1186/s12889-023-15842-1  PMID:
37237329
Amir  PN  MFBS,  Sazali  MF,  Salvaraji  L,  Dulajis  N,  Syed  Abdul[37]
Rahim  SS,  Avoi  R.  Public  health  informatics  in  global  health
surveillance:  A  review.  Borneo  Epidemiol  J  2021;  2(2):
74-88.http://dx.doi.org/10.51200/bej.v2i2.3628

Donadel M, Scobie HM, Pastore R, et al. Comprehensive vaccine-[38]
preventable disease surveillance in the western pacific region: A
literature  review  on  integration  of  surveillance  functions,
2000–2021.  Glob  Health  Sci  Pract  2022;  10(5):
2200017.http://dx.doi.org/10.9745/GHSP-D-22-00017  PMID:
36316133
Evaluation  of  diphterhia  surveillance.  2021.  Available  from:[39]
https://jummec.um.edu.my/index.php/jummec/article/view/25837/
12121
Rybacki  M,  Szkiela  M,  Rybacka  M,  Marcinkiewicz  A.  Attitudes[40]
regarding  vaccination  on  the  example  of  COVID-19  prevention.
Med  Pr  2024;  75(2):
123-31.http://dx.doi.org/10.13075/mp.5893.01522  PMID:
38567412
Atreja  A,  Gordon  SM,  Pollock  DA,  Olmsted  RN,  Brennan  PJ.[41]
Opportunities and challenges in utilizing electronic health records
for  infection  surveillance,  prevention,  and  control.  Am  J  Infect
Control  2008;  36(3):
S37-46.http://dx.doi.org/10.1016/j.ajic.2008.01.002  PMID:
18374211
Osarenren  J,  Omosigho  P,  John  OO.  Global  strategies  for[42]
addressing  diphtheria  resurgence  epidemiology  clinical  impact
and  prevention.  Discov  Public  Health  2024;  21(1):
219.http://dx.doi.org/10.1186/s12982-024-00352-1

DISCLAIMER: The above article has been published, as is, ahead-of-print, to provide early visibility but is not the final version.
Major publication processes like copyediting, proofing, typesetting and further review are still to be done and may lead to changes in
the final published version, if it is eventually published. All legal disclaimers that apply to the final published article also apply to this
ahead-of-print version.

http://dx.doi.org/10.1080/21645515.2019.1706935
http://www.ncbi.nlm.nih.gov/pubmed/31977285
http://dx.doi.org/10.1093/humrep/deab198
http://www.ncbi.nlm.nih.gov/pubmed/34601605
http://dx.doi.org/10.1097/01.aids.0000172878.20628.a8
http://www.ncbi.nlm.nih.gov/pubmed/15930842
http://dx.doi.org/10.1186/s12889-023-15842-1
http://www.ncbi.nlm.nih.gov/pubmed/37237329
http://dx.doi.org/10.51200/bej.v2i2.3628
http://dx.doi.org/10.9745/GHSP-D-22-00017
http://www.ncbi.nlm.nih.gov/pubmed/36316133
https://jummec.um.edu.my/index.php/jummec/article/view/25837/12121
https://jummec.um.edu.my/index.php/jummec/article/view/25837/12121
http://dx.doi.org/10.13075/mp.5893.01522
http://www.ncbi.nlm.nih.gov/pubmed/38567412
http://dx.doi.org/10.1016/j.ajic.2008.01.002
http://www.ncbi.nlm.nih.gov/pubmed/18374211
http://dx.doi.org/10.1186/s12982-024-00352-1

	[1. INTRODUCTION]
	1. INTRODUCTION
	2. MATERIALS AND METHODS
	3. RESULTS
	3.1. Incidence Trends
	3.1.1. Global Incidence Rates

	3.2. Incidence Trends
	3.2.1. Global Incidence Rates 

	3.3. Regional Variations
	3.3.1. Regional Variations

	3.4. Data Completeness
	3.4.1. Reporting Gaps
	3.4.2. Inconsistencies in Reporting
	3.4.3. Data Completeness

	3.5. Vaccination Coverage
	3.5.1. DTP3 Coverage Rates
	3.5.2. Regional Disparities
	3.5.3. Vaccination Coverage

	3.6. Impact of Vaccine Hesitancy
	3.7. Summary of Findings

	4. DISCUSSION
	4.1. Strengths of Current Surveillance Systems 
	4.2. Challenges Surveillance Systems Face 
	4.3. Recommendations 

	5. LIMITATIONS
	CONCLUSION
	AUTHORS’ CONTRIBUTIONS
	LIST OF ABBREVIATIONS
	CONSENT FOR PUBLICATION
	FUNDING
	CONFLICT OF INTEREST
	ACKNOWLEDGEMENTS
	REFERENCES


